Ution angle of the waveguide light can be f^^^varicd. 

Therefore, by varying the emitting positions of the light 
beams from the two converging grating couplers, the 
converged spot can be aJJowed to trace on the track. 

According to the eight embodiment as mentioned 
above, in addition to the effects of the foregoing sev- 
enth embodiment, the change*over of the waveguide 
lights which enter the converging grating couplers and 
the tracking control can be executed by the SAW trans- 
ducer 91. Thus, the optical head can be simplified and 
the number of manufacniring steps can be reduced. 

Since the surface acoustic wave 92 is located between 
the founh beam sp liner 93 and the two converging 
grating couplers, the return waveguide light from the 
optical disc 1 is not influenced by the tracking control 
on the optical path after the surface acoustic wave 92. 
Therefore, the converging position on the third photo 
detector is not moved by the tracking control, so that a 
deterioration in photo detection signal can be pre- 
vented. ■ 

In the embodiment, although the SAW transducer 
has been used as both of the optical path switching 
means and the optical path deflecting means for track- 
ing control, the SAW transducer can be also provided 
for the optical head only for the tracking control. For 
instance, it is also possible to form the SAW transducer 
for the sixth optical head 60 in the fifth embodiment or 
- the seventh optical head 80 in the sixth embodiment and 
to execute the tracking control. 
We claim: 

1. An optical recording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by amverging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) N[ optical heads* N being greater than or equal to 
2, each comprising: 

light emitting means, 

objectiOt lenses, whose aberrations have respectively 
been cbrrccted for said N disc substrates having 
difTeren\ thicknesses, each for converging the light 
flux whioh is emitted from the light emitting means 
onto the optical disc, and 

a plurality oHphoto detecting means each for detcct- 
mg the reflated light from the optical disc; 

(b) N optical hAd moving means which are aaangcd 
below the opVcaJ disc and move the N optical 
heads in the raciial direction of the optical disc; 

(c) disc discriminsdng^cans for discriminating the 
thickness of the due substrate of the loaded optical 
disc and for gtncmiingji discrimination signal in 
accordance with Ule result of the discrimination; 
and V\/ ^ ^ 

(d) control means for «(jcctmg the optical head hav- 
ing the objective IcnsYn which the occurrence of 
the aberration due to tVe disc substrate is smallest 
in accordance with the>discrimination signal, 

wherein the selected optJtal head records, repro- 
duces or erases the infonnation signal onto/from 
the optical disc. \ 
2. An apparatus according toVcIaim 1, further com- 
prising backward moving meansXfor moving the non- 
sclccted optical heads to the outsicie of the optical disc 
for a period of time when the optital head which has 
been selected by the control means recording, repro- 
ducing, or erasing the information signal. 

^ 3. An apparatus according to clainn 1, wherein said 
disc discriminating means comprises: \ 
a cartridge for enclosing the optical disc; 
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discrimination hole which is formed oa th? 
tridgc and whose opening/closing state difTcrs in 
respondcncc to the thickncis of the disc sub- 
te of the optical disc; and 
defecting means for detecting the opening/closing 
te of the discrimination hole and for generating 
discrimination signal, 
apparatus according to claim 2, wherein said 
ating means comprises: 
for enclosing the optical disc; 
ation hole which is formed on the car* 
jd whose opening/closing state difTcrs in 
adcncc to the thickness of the disc sub- 
strate 61 the optical disc; and 
detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrixniaation signal. 
5. An apparatus according to claim 1, wherein numer- 
l least two or more of said N objective 



according to claim 2, wherein numer- 
Icast two or more of said N objective 



ical apertures o 
lenses differ, 

6. An apparat 
ical apertures of 
leases differ. 

7. An optical rjtcording/reproducing apparatus for 
recording, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a transparent disc substrate, comprising: 

(a) an optical head\having N. N being greater than or 
equal to 2, converging optical systems each com- 
prising; 

Ught emitting mean! 
objective lenses^ 
been correct 
different thic: 
flu:t which is 
onto the opti 
a plurality of photo d 
ing the reflected 

(b) optical head mo 
below the optical d 



ligi 



aberrations have respectively 
id }^ disc substrates having 
> for converging the light 
Jm the light emitting means 
and 

:ccdng means each for dctect- 

from the optical disc; 
ig means which is arranged 
and moves the optical head 
in the radial directioniof the optical disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc si&strate of the loaded optical 
disc and for generating a discrimination signal in 

. accordance with the result of the discrimination; 
and 

(d) control means for allbvving the light emitting 
means, which belongs to the converging optical 

. system in which the occirrcacc of the aberration 
due to the disc substrate is smallest in accordance 
with the discrimination sigbal, to emit light, 
wherein the selected converging optical system re- 
cords, reproduces or erasesAthe information signal 
onto/from the op deal disc. 

8. An apparatus according to <^Iaim 7, wherein said 
disc discnminacing means compr 

a cartridge for enclosing the optical disc; 

a disc runin ation hole which is formed on the car- 
tridge and whose opening/cloang state differs in 
correspondence to the thicknes^ of the disc sub- 
strate of the optical disc; and 

detecting means for detecting thc\opening/ciosing 
stale of the discrimination hole anp for generating 
a discrimination signal. 

9, An apparatus accordmg to claim 7, Wherein numer- 
ical apcniires of at least two or more of said N objective 
lenses differ. 
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lOl An optical recording/reproducing app^^^Vfor 
recorau)g, reproducing or erasing an information signal 
by converging a light flux onto/from a recording layer 
.through \ transparent disc substrate, comprising: 

(a) an optical head mcluding: 
Ught emrcting means, 

light fluxXdividing means which are arranged in the 
light nuV from the emitting means and divide the 

. emitted light flux into N. N bcmg greater than or 
• equal to 2\light fluxes and deflect in different direc- 
tions, 

N objective fcnscs, whose aberrations have respec- 
tively bccnXcorrectcd for said N disc substrates 
having difleAent thicknesses, for respectively con- 
verging said N light fluxes onto the optical disc, 

light flux sclectmg means for selecting one of the N 
light fluxes divided by the light flux dividing means 
and for allowing said light flux to pass, and 

photo detecting means for detecting the light fluxes 
reflected by theioptical disc; 

(b) optical head moving means which is arranged 
below the optical disc and moves the optical head 

. in the radial dixeition of the optical disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating a discnmination signal in 
accordance with tpe result of the discrimination; 
and 

(d) control means for\ generating a control signal to 
the light flux selecting means in accordance with 
the discrimination signal and for selecting the light 
flux which passes tnrough the objective lens in 
which the occurrencb of the aberration due to the 
disc- substrate is small 

wherein the optical Mad Vccords, reproduces or 
erases the information signal onto/from the optical 
disc by the sclectoa Wmt flux. / 

11. An apparatus adcordiiVg to claim 10, wherein said 
disc discriminating m^r^s^i©^scs: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed on the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 

detecting means for detecting the opening,/clcsing 
state of the discriminationmole and for generating 
a discrimmation signal. 

12. An apparatus accordingUo claim 10, wherein 
numerical apertures of at least t\vo or more of said N 
objective lenses differ. 

13. An optical recording/reprdducing apparatus for 
recording, reproducing or erasing kn iruormation signal 
by converging a light flux onto/frqm a recording layer 
through a transparent disc substratq 

(a) an optical head including: 

an optical waveguide formed on 

N light emittmg means each for cc 

light into said optical wavcguidcV N being greater 
than or equal to 2, 

N converging grating couplers, wkose aberrations 
have respectively been corrected Vor said N disc 
substrates having different thicknesses, each for 
emitting the waveguide light supplied from said N 
light emitting means to the outsidc\of the optical 
waveguide and for allowing the reflected light 
. from the optical disc to enter, and 

N photo delecting means each for detccing reflected 
light and for generating an information signal; 



compnsmg: 

I substrate, 
itting a waveguide 
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) ofeticaJ head moving means which is airj 
below the optical disc and moves the optical 
in the^radial direction of the opdcal disc; 

(c) selccCtDg means for selecting the light emitting 
means tc be allowed to emit the light from among 
the N emitting means; 

(d) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and fqr generating a discrimination signal ac- 
cording to the result of the discriminatioa; and 

(c) control means for generating a control signal in 
axxordancc with the discrimination signal, for pro- 
viding said cdntrol signal to said selecting means 
and for allowing the light emitting means for emit- 
ting the wavegtiide light bto the converging grat- 



lich the occurrence of the abcrra- 
substrate is smallest, 
head records, reproduces or 
ifion signal onto/from the optical 
from the selected light emit- 



ing coupler in ' 
tion due to the i 
wherein the optic 
erases the infor 
disc by the light ! 
ting means. 

14. An apparatus according to claim 13, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 
a discrimination hole Iwhich is formed on the car- 
tridge and whose ooening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of the optical disc; and 
detecting means for detecting the opening/closing 
state of the discrimination hole and for generating 
a discrimination signa 



; to claim 13, wherein 
St two or .more of the N 
Jiffer. 

iucijig apparatus for 
smjg an mformation signal 
jfroj/a recording layer 
^tVate, comprising: 



on a substrate, 

g a waveguide light 



15. An apparatus accorti 
numerical apcnurcs of at 1^ 
converging grating coupler 

16. An optical recording 
recording, reproducing or < 
by converging a light 1 
through a transparent 

(a) an optical head includm; 
an opricai waveguide forme 
light emitting means for emi 

into said optical waveguidi 
light flux dividing means for cSviding the waveguide 
light emitted from the light emitting means into N 
divided waveguide lights, Npcing greater than or 
equal to 2, 

■ said N converging grating couplers, whose aberra- 
tions have respectively been c^brrected for said N 
disc substrates having different thicknesses, each 
for emitting each of said N (divided waveguide 
lights to the outside of the optical waveguide and 
for all owing the reHected light Wom the optical 
disc to enter, and 
N photo detecting means for rcspcdjively detecting 
said rcflec*^ lights from the N convergLng grating 
couplers and for generating information signals; 

(b) optical head moving means which is arranged 
below the optical disc and moves tho^ optical head 
in the radial direction of the optical 

(c) output switching means for selecting 
ting one of the output signals of said f 
tecting means; 

(d) disc discriminating means for disc .._ 
thickness of the disc substrate of the loaded optical 
disc and for generating a discrimination signal in 
accordance with the result of the discrir^nation; 
and 



d output- 
photo de- 
lating the 
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(c) ^onlrol means for generating a control^^W to 
: output switching means in accordanc^Bn the 

discrimination signal and for selecting the photo 
cting means into which the waveguide light 
catere from the converging grating coupler in 
which the occurrence of the aberration due to the 
disc substrate is smallest. 

17. Ah apparatus according to claim 16, wherein said 
disc discriminating means comprises: 

a cartridge for enclosing the optical disc; 

a discrimination hole which is formed oa the car- 
tridge and whose opening/closing state differs in 
correspondence to the thickness of the disc sub- 
strate of tne optical disc; and 

detecting m^s for detecting the opening/closing 
state of theVdiscrimination hole and for generating 
a discrimination signal. 

18. An apparatus according to claim 16. wherein 
numerical apcnurts of at least two or more of the N 
converging grai in A couplers differ. 

19. An optical retording/reproducing apparatus for 
recording, rcproduqng or erasing an information signal 
by converging a light flux onto/from a recording layer 
through a iransparenl disc substrate, comprising: 

(a) an optical head Including: 

an optical waveguide formed on a substrate, 

light emitting meana for emitting a waveguide light 

into said optical waveguide, 
optical path switching means which is arranged on an 

optical path of said\ 

the propagating dire 

N directions in acc6r^ai/ce with a control signal, N 
being greater than orVtj^ial^ 2, 

N converging gratikg/tipuplcrs, whose aberrations 
have respectively been\ corrected for said N disc 
substrates having differint thicknesses and which 
are respectively arranged in said N propagating 
directions which are switched by said optical path 
switching means and cmituhe waveguide light to 
the outside of the optical wVveguidc and allow the 
reflected light from the optftal disc to enter, and 

photo detecting means for defecting the reflected 
light and generating an information signal; 

(b) optical head moving meansx which is arranged 
below the optical disc and movies the optical head 
in the radial direction of the optcal disc; 

(c) disc discriminating means for discriminating the 
thickness of the disc substrate of the loaded optical 
disc and for generating the discrimination signal in 
accordance with the result of thc\discriminarion; 
and 



cguidc light and switches 
/of the waveguide light in 
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(d) Qontrol means for generating a control sijjAftCo 
I the. tptical path switching means in accc^^Be 
with the discrimination signal and for switcn^^Re 

propaWting direction of the waveguide light from 
the liMt emitting means to the direction of the 
converging grating coupler in which the occur- 
rence ofuhe aberration due to the disc substrate is 
smaUestt \ 

wherein thc\ optical head records, reproduces or 
erases the ikformation signaJ onto/from the optical 
disc by ifaAlight flux emitted from the selected 
converging grating coupler. 

20. An apparatSs according to claim 19, wherein said 
optical path switching means combines deflecting 
means for changing the propagating direction of the 
waveguide light by\ a deflection angle according to a 
input signal, \ 

and wherein said abparatus comprises: 

tracking error detecting means for detecting a track- 
ing error amouni of a converged spot which has 
been converged ohto the optical disc and for gener- 
ating a tracking eiror signal; and 

tracking control meiis for changing the input signal 
to the deflecting means in accordance with said 
tracking error signal and for eliminating the track- 
ing error of the conVcrged spot. 

21. An apparatus acconding to claim 19, wherein said 
disc discriminating means comprises: 

a cartridge for enciosinb the optical disc; 

a discrimination hole wKich is formed on the car- 
tridge and whose opcnin^ciosing state differs in 
correspondence to /hje thickncp of the disc sub- 
strate of the optical d!sc;/and j 

detecting means forlde^cling >the opening/closing 
State of the discririlinairfeLbole and for generating 
a discrimination sigBiu.\ 

22. An apparatus according to claim 20, wherein said 
disc discrimination means comprises: 

a cartridge for enclosing tlie optical disc; 

a discrimination hole whicn is formed on the car- 
tridge and whose opening/closing state ditTers in 
correspondence to the thifckness of the disc subr 
stratc of the optical disc; and 

detecting means for detcctina th= opening/closing 
state of the discrimination hole and for generating 
a discrimination signal. \ 

23. An apparatus according to\claira 19, wherein 
numerical apertures of at leas: twd or more of the N 
converging grating couplers differ. \ 

24. An apparatus according to dlaim 20, wherein 
numerical apertures of at least two Of more of the N 
converging grating couplers differ. ^ 

An optical 



recording/reproducing apparatus for 
recording\eproducing or erasing an 
information signal onto/from any one of N 
types (where N/^,2'> of optical discs having 
transparent subsfrates of different 
thicknesses. eac^^Wbe of said optical discs 
having at leasisaidVansparent substrate and 
an informationXlaver^bv converging a light 
flux onto said informa^on layer through said 
transparent substrate, said apparatus 
comprising: 



a\ least one light emitting means for 
emitting said light flux: 

a converging means (i) having 
different numerical apertures, (ii) 
performing\aberration correction over a 
transparent substrate of a respective one of 
said N optical discs, and (iii) operating to 
converge saik light flux on the information 
laver of one of the^ optical discs: and 

a photo/aetecting means for detecting 
reflected lighrfrom said optical discs, 

wherein converging means 
converges said light flux as a smaller spot 



diameter D in accordance^with the relation 

J x,* ^^^^ 

Do^X/NA where Jtts the wavelength of the 
light flux emitted bv said light emitting 
means, and NA is the numerical apertures 
with respect to one of said optical discs 
having a thinner one of said substrates, 

wherein thicknesses of said 
transparent substrat^es of said N tvpes of 
optical discs are about 1 .2mm or less than 
1.2mm. \ 



An optical 



recording/reproducing apparatus for 
recording,\reproducing or erasing an 
informatio A signal onto/from anv one of N 
tvpes (whered^ >= 2) of optical discs having 
first lavers ordifFerent thicknesses, each 
tvpe of said optical discs having at least said 
first laver beingOransparent and a second 
layer for storing information, bv converging 
a light flux onto said second laver through 
said first laver, said apparatus comprising: 

at least one light emitting means for 
emitting said light fli 

a converging ikeans (i) having 
different numerical apertures, (ii) 
performing aberration correction over said 
first laver of a respectiveVne of said N 
optical discs, and (iii) opeWing to converge 
said light flux on said secor^d laver of one of 
the N optical discs: and 

a photo detecting medns for detecting 



reflected light from said optical discs, 

wherein said converging means 
ccmverges said light flux as a smaller spot 
diameter D in accordance with the relation 
D«A./NA where Xis the wavelength of the 
light flux emitted by said light emitting 
means, a^d NA is the numerical apertures 
with respeat to one of said optical discs 
having a thinner one of said first layers, and 

wherein thicknesses of said first 
layers of said NNtvpes of optical discs are 
about 1.2mm or ifess than 1,2mm. 



27. An optical 
recorc^ing/reproducing system comprising: 
a) an optical recording/reproducing 
a pparatus for recording, reproducing or 
erasing an information signal onto/from any 
one of N types (where N >= 2) of optical 
discs haying transparent substrates of 
different thicknesses, each type of said 
optical discs having at least said transparent 
substrate md an information layer, by 
converginaa light flux onto said information 
layer through said transparent substrate, said 
a pparatus comprising: 

at least one light emitting means for 
emitting said light flux: 

a converging means (i) having 
different numep^ahapertures, (ii) 
performing aberratTon correction over a 
transparent sufetraie^^a respective one of 



said N optical 



and ftiii) operating to 



converge said liahUflipcefn the information 
layer of one of thTlToptical discs: and 

a photo detecting means for detecting 
reflected light from said optical discs, 

wherein said converging means 
converges said light flinc as a smaller spot 
diameter D in accordance with the relation 
D°^XfNA where Ais the wavelength of the 
light flux emitted by said light emitting 
means, and NA is the numencal apertures 
with respect to one of said optical discs 
having a thinner one of said Aibstrates, and 



wherein thicknesses of said 



transpa] ent substrates of said N types of 



1.2mm 



optical discs are about 1.2nim or less than 



>) a systems controlling means 



coupledlto said converging means for 
moving kaid converging means relative to 
the optical discs loaded in said apparatus to 
traverse ai recording track thereof: and 

c) a signal processing means coupled 
to said phdyo detecting means for encoding 
or decoding said information signal. 
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optical 



recording/reproducing system comprising: 
a) an Optical recording/reproducing 
apparatus for recording, reproducing or 
erasing an information signal onto/from any 
one of N tvpesU where N >= 2) of optical 
discs having first layers of different 
thicknesses, eaoh type of said optical discs 



having at least ; 
transparent and 
information, / 



lid first layer being 
second layer for storing 
Converging a light flux onto 



said second laven through said first laven 
said apparat is ccmprising: 

at least one Ifeht emitting means for 



emitting said\light\flux^ 

a convferging means (i) having 



different numei 



[nie; 



ertures. (ii) 



performing aberratipn correction over said 
first layer of a respective one of said N 
optical discs, and Cm) operating to converge 
said light flux on sand second layer of one of 
the N optical discs: and 

a photo detecting means for detecting 
reflected light from said optical discs. 

wherein said oonverging means 
converges said light flux as a smaller spot 
diameter D in accordance with the relation 
D«A/NA where Ais the> wavelength of the 
light flux emitted bv said light emitting 
: nume 



means, and NA is the numerical appatures 
with respect to one of said optical discs 
having a thinner one of ^id first layers, and 



wherein thicknesses of said first 
lavers\>f said N types of optical discs are 
about l^mm or less than L2nim: 

b pa systems controlling means 



moving said 


bonyergine means relative to 


the optical d 


scVkmded in said apparatus to 


traverse a re( 


iOrdme track thereof: and 



c) a sigj^^jfocessing means coupled 
to said photo detecting means for encoding 
or decoding said information signal. 





